Background. Early detection and risk factor control prevent chronic kidney disease (CKD) progression. Evaluation of peripheral autonomic dysfunction may detect incident cardiovascular-renal events in type 2 diabetes (T2D). Methods. SUDOSCAN, a non-invasive tool, provides an ageadjusted electrochemical skin conductance (ESC) composite score incorporating hands/feet ESC measurements, with a score 53 indicating sudomotor dysfunction. A consecutive cohort of 2833 Chinese adults underwent structured diabetes assessment in 2012-13; 2028 participants without preexisting cardiovascular disease (CVD) and CKD were monitored for incident cardiovascular-renal events until 2015. Results. In this prospective cohort {mean age 57.0 [standard deviation (SD) 10.0] years; median T2D duration 7.0 [interquartile range (IQR) 3.0-13.0] years; 56.1% men; 72.5% never-smokers; baseline ESC composite score 60.7 (SD 14.5)}, 163 (8.0%) and 25 (1.2%) participants developed incident CKD and CVD, respectively, after 2.3 years of follow-up. The adjusted hazard ratios (aHRs) per 1-unit decrease in the ESC composite score for incident CKD, CVD and all-cause death were 1.02 [95% confidence interval (CI) 1.01-1.04], 1.04 (1.00-1.07) and 1.04 (1.00-1.08), respectively. Compared with participants with an ESC composite score >53, those with a score 53 had an aHR of 1.56 (95% CI 1.09-2.23) for CKD and 3.11 (95% CI 1.27-7.62) for CVD, independent of common risk markers. When added to clinical variables (sex and duration of diabetes), the ESC composite score improved discrimination of all outcomes with appropriate reclassification of CKD risk. Conclusions. A low ESC composite score independently predicts incident cardiovascular-renal events and death in T2D, which may improve the screening strategy for early intervention.
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I N T R O D U C T I O N
The prevalence of diabetes has increased from 108 million to 422 million over the past three decades. In this pandemic, the low-and middle-income countries (LMICs) experienced the largest surge due to rapidly changing lifestyles and environment [1] . Diabetes is the leading cause of end-stage renal disease (ESRD) worldwide. The incidence of diabetes-associated ESRD has been estimated to be 10 times higher than in those without diabetes [2] . In both community-and clinic-based settings, albuminuria and estimated glomerular filtration rate (eGFR) are independent predictors of cardiovascular-renal complications and premature death in people with diabetes [3] .
Chronic kidney disease (CKD) is treatable with intensive risk factor control and the use of renoprotective agents [4, 5] . Professional organizations recommend CKD screening using urinary albumin and eGFR every 6-12 months for early identification and timely intervention [6] . However, there are huge regional disparities in the implementation of these recommendations, ranging from 12.6% to 67.9% [7, 8] . Low socio-economic status, limited resources (e.g. funding, facilities and workforce), large patient volume and poor disease awareness in both patients and health care providers are major barriers in improving care, leading to increased morbidity and premature death, especially in LMICs [9, 10] .
Sudomotor dysfunction is the earliest manifestation of distal small-fibre neuropathy in type 2 diabetes (T2D) and may aid in CKD screening and detection [11] [12] [13] . By placing electrodes on the palms and soles, which are rich in sweat glands, SUDOSCAN evaluates sudomotor (peripheral autonomic) function through measurement of electrochemical skin conductance (ESC) using reverse iontophoresis and chronoamperometry [11] . Herein we examine the utility of the method to detect individuals with T2D at risk of developing cardiovascular-renal events in a prospective cohort.
M A T E R I A L S A N D M E T H O D S
Study design and population Figure 1 depicts the study flow. The Joint Asia Diabetes Evaluation (JADE) Programme and cross-sectional evaluation of the study have been reported [14, 15] . Briefly, this was a prospective follow-up study involving Chinese adults !18 years of age with T2D and free from cardiovascular-renal diseases recruited between 2012 and 2013 from the Diabetes and Endocrine Centre, Prince of Wales Hospital (PWH) and Yao Chung Kit Diabetes Assessment Centre, Chinese University of Hong Kong (CUHK). All participants underwent comprehensive assessment for risk factors and complications, including eye/feet examination and blood/urine tests [14] , with simultaneous ESC measurement at enrolment. All anonymized data were entered into the web-based JADE portal for analysis [14] .
SUDOSCAN (Impeto Medical, Paris, France), a non-invasive and painless tool, comprises two sets of electrodes for the hands and feet that are connected to a computer for analysis [11, 16 ]. An incremental low voltage (1-4 V) was applied with left and right electrodes acting as cathode and anode alternately. While the keratinized epidermis is electrically insulated at voltages <10 V, the sweat glands can transmit electrically charged ions to the electrodes placed on the cutaneous surface (reverse iontophoresis method). The sweat chloride ion current, which is reported as the ESC (microSiemens, mS), reflects the C fibre innervation and function of the sweat glands [11] . Collectively, this technology provides rapid (2-3 min) and precise ESC measurements of the hands and feet, of which the mean global skin conductance is calculated as 0. [11, 16] . The hands/feet ESC measurements and participant's age are incorporated into a proprietary built-in algorithm to calculate the ESC composite score, which ranges from 0 to 150. Compared with the ESC composite score of 60 for sudomotor dysfunction defined by the manufacturer, ethnic-specific thresholds for CKD screening have been reported, such as a composite score 53 or 55 for Hong Kong Chinese and <59.5 for mainland Chinese [15, 17, 18] or a mean feet ESC measurement 37.6 for African Americans and 44.4 for European Americans [13] .
All participants were referred from community-/hospitalbased clinics operated by the Hospital Authority, which used a territory-wide clinical management system that captured all laboratory, hospitalization and drug data. The majority of participants were followed up in the medical clinics at intervals of 3-4 months with measurement of renal function every 6-12 months. Serum creatinine was measured by the isotope dilution mass spectroscopy-traceable Jaffe kinetic method (Dade Behring, Deerfield, IL, USA). We estimated GFR using the Chronic Kidney Disease Epidemiology Collaboration creatinine equation [19] . All assays were performed by the Department of Clinical Pathology at PWH with external accreditation.
All hospital discharges were coded according to the International Classification of Diseases, Ninth Revision. The code listed as principal diagnosis was used for outcome definition with data censored on 31 May 2015 (Supplementary data, Table S1 ). The primary outcomes were incident CKD (defined as eGFR <60 ml/min/1.73 m 2 , need for renal replacement therapy or death from renal causes) and cardiovascular disease (CVD; defined as any new-onset fatal/non-fatal coronary heart disease, stroke or peripheral vascular disease) (Supplementary data, Tables S1-S2). We defined CKD using the last available eGFR in 6 months before and after the censor date, whereby the measurement closest to the censor date was selected [20] . The exploratory outcome was all-cause death. This study was approved by the local institutional review board. All participants provided written informed consent. Subgroup analyses were stratified by pre-defined thresholds of ESC composite score, individual ESC measurements, eGFR >80 mL/min/1.73 m 2 and/or albuminuria status (<3 or <30 mg/mmol) and annual eGFR decline calculated using a linear mixed-effects model with !3 eGFR measurements [21] . In the current Kaplan-Meier analysis, which included 2028 participants recruited in the previous study, ESC composite scores 53 versus >53 were used to estimate the survival rate of participants with incident CKD. Taking into account the presence of competing risk of mortality, we performed cumulative incidence functions and subdistribution hazard models to estimate the incidence of cardiovascular-renal events [22, 23] .
We assessed the predictive discrimination of the ESC composite score for 3-year risk of all outcomes using the receiver operating characteristics (ROC) area under the curve [AUC; ranging from 0.5 (no discrimination) to 1.0 (perfect discrimination)] [24] , integrated discrimination improvement (IDI; quantification of predicted probabilities of events and non-events based on inclusion of the ESC composite score in the model) and net reclassification improvement (NRI; the probability that patients are appropriately classified into high and low risk) [25, 26] . Two prediction models were used: basic clinical variables (sex and duration of diabetes) and both clinical variables and composite score. An NRI <0.2, $0.4 and >0.6 is considered weak, intermediate and strong, respectively [27] . All statistical analyses were conducted using R software version 3.4.2 (R Project for Statistical Computing, Vienna, Austria) [28] . A twosided P-value <0.05 denotes statistical significance.
R E S U L T S

Baseline characteristics
During a mean follow-up of 2.3 years, 2028 (71.6%) participants were prospectively monitored for clinical events. The mean age of the cohort was 57.0 (SD 10.0) years, 56.1% were men and the median duration of T2D was 7.0 (IQR 3.0-13.0) years. The mean baseline ESC composite score was 60.7 (SD 14.5). One in four participants had albuminuria and more than 40% were treated with either RAS inhibitors or statins. Participants with an ESC composite score 53 were older, had longer disease duration, had higher rates of microvascular complications and were more likely to be on organ-protective agents than those with a score >53 (Table 1) . Compared with participants without CKD, those with CKD were older, had longer disease duration and a more adverse clinical profile, including obesity with increased medication use, and had a lower ESC composite score (Supplementary data, Tables S3-S4) . Table 2 shows the relationship between the ESC composite score and the incidence of cardiovascular-renal events and allcause death. During this observation period, 163 (8.0%) and 25 (1.2%) of the participants developed incident CKD and CVD, respectively. The ESC composite score independently predicted incident CKD, with every unit decrease associated with a 6% increased risk [HR 1.06 (CI 1.05-1.07)]. This risk was attenuated to 2% after adjustment for baseline cardiometabolic risk factors, renal function and use of organ-protective agents [adjusted HR (aHR) 1.02 (95% CI 1.01-1.04)], albeit still significant. Individual ESC measurements were associated with excess risk of incident CKD, but their predictive power was less robust than the ESC composite score (1% versus 2%).
Clinical outcomes
When we stratified the ESC composite score using the three previously reported thresholds, that is, 53, 55 and 60 (15, 18) , only the first two thresholds independently predicted incident CKD in our Chinese cohort. Compared with those with a composite score >53, participants with a score 53 had an aHR of 1.56 (95% CI 1.09-2.23) for CKD. The corresponding aHR for a score 55 was 1.49 (95% CI 1.04-2.14).
Every unit decrease in the ESC composite score was associated with a 3% excess risk of incident CVD [HR 1.03 (95% CI 1.00-1.06)]. The effect size increased to 4% when adjusted for clinical covariates [aHR 1.04 (95% CI 1.00-1.07)]. Participants with an ESC composite score 53 or 55 had an increased aHR of 3.11 (95% CI 1.27-7.62) and 3.42 (95% CI 1.39-8.38), respectively, for incident CVD, but the association with individual ESC measurements was not significant. Consistent results for incident cardiovascular-renal events were confirmed in the presence of a competing risk of mortality (Table 3 ). Figure 2 and Supplementary data, Figure S1 show the Kaplan-Meier curve and cumulative incidence of cardiovascular-renal events in participants with an ESC composite score 53 and >53, respectively. Table 2 shows the time-to-event analysis of all-cause death, with a total event rate of 15 (0.7%), with the ESC composite score being an independent predictor, adjusted for sex and disease duration [aHR 1.04 (95% CI 1.00-1.08)]. Participants with a composite score 55 had an aHR of 3.89 (95% CI 1.09-13.90) compared with those with a high score. When we analysed participants with an ACR <30 mg/mmol and/or baseline eGFR !80 mL/min/1.73 m In the whole cohort, every unit decrease in the composite score was also independently associated with faster eGFR decline [b À0.005 (standard error 0.002), P ¼ 0.048] (Supplementary data, Table S9 ). Table 4 shows the discrimination and reclassification analyses that assessed the use of the ESC composite score in predicting the 3-year risk of cardiovascular-renal events and all-cause death. For the basic model (sex and duration of diabetes), the AUC was 0.63 (95% CI 0.59-0.67) for CKD, which increased to 0.74 (95% CI 0.70-0.78) with an estimated NRI of 0.29 (95% CI 0.14-0.41) and an absolute IDI change <1% after addition of the ESC composite score. There was a similar trend for CVD and death, but the ESC composite score did not improve their reclassifications. 
D I S C U S S I O N
In Chinese patients with T2D, one-third of the participants had cardiovascular-renal diseases at enrolment to the JADE register. Among those without prevalent cardiovascular-renal diseases, a low ESC composite score independently increased the HR by 1.5-4 for incident cardiovascular-renal events and allcause death compared with those with a score >53 or >55 after 2 years of follow-up. Only 28% of the cohort had a low ESC composite score 53, but 60% developed CKD. In contrast, 72% of participants had a high ESC composite score >53 and only 40% developed CKD. Low individual ESC measurements also predicted a higher incidence of CKD. After adjusting for sex and disease duration, the ESC composite score remained robust in discriminating all outcomes and reclassifying CKD risk.
Taken together, SUDOSCAN can be a useful non-invasive tool to identify high-risk individuals for cardiovascular-renal diseases for definitive evaluation and intervention. SUDOSCAN is an approved technology for measuring autonomic nerve function [16] . Autonomic and somatic nerve dysfunctions measured by different methods have been shown to predict poor cardiometabolic outcomes and death in the diabetic population [29] [30] [31] . However, use of these measurements in clinical practice (e.g. Michigan Neuropathy Screening Instrument, Utah Early Neuropathy Scale, nerve conduction studies and intraepidermal nerve fibre density) is limited by their subjective nature or technical challenges requiring special staff training [11, 32] . SUDOSCAN has been shown to correlate well with these clinical instruments for evaluation of nerve Table 2 . Cox proportional hazards models of baseline ESC composite score and risk of incident cardiovascular-renal events and all-cause death (including participants without prevalent cardiovascular-renal diseases at baseline) dysfunction [33, 34] . In this analysis, we further confirmed the utility of SUDOSCAN to measure sudomotor dysfunction for detecting individuals at risk of developing cardiovascular-renal complications. Given its user friendliness and non-invasive nature, the use of this technology might help prioritize screening and intervention strategies, especially in cost-restrained settings. Globally, 500 million adults !20 years of age are suffering from CKD, 80% of whom are living in LMICs [35] , where only one-third of affected individuals were diagnosed [2] . The Global Burden of Disease 2016 Study reported a 30% increase in the death rates attributable to diabetic kidney disease, totalling 500 800 deaths worldwide in the past decade [36] , although this estimate was likely to be conservative. Hong Kong has a highly subsidized health care system. Since 2000, a team-based structured diabetes assessment and management programme has been progressively introduced in public health care institutions, with a demonstrable decline in the incidence of cardiovascular-renal complications and death. Despite this, the burden of ESRD has remained high, with a crude incidence of 22.5 per 1000 person-years, especially in people with !15 years of diabetes, pointing to a need for earlier detection to enable more aggressive management during the early stages of disease [37] .
Diabetic kidney disease is treatable if detected early and treated intensively [4, 5] . In the UK Prospective Diabetes Study, the annual progression to microalbuminuria was 2% and from microalbuminuria to overt proteinuria was 2.8%, meaning that one in four patients with T2D might develop either microalbuminuria or worsening nephropathy within 10 years of diagnosis [38] . Universal screening for CKD provides opportunities to implement preventive strategies to arrest or slow disease progression. However, one in three patients with T2D in LMICs failed to receive routine CKD screening [8] . Even in high-income nations such as the UK, a National Diabetes Audit showed a sustained reduction in regular microalbuminuria screening from 84.4% (2013-14) to 65.2% (2016-17) [39] . Factors pertaining to the health care system (infrastructure support, access to and high cost of in vitro diagnostic tests), health care providers (inefficient communication, lack of trained personnel and ongoing support) and patients (sociodemographic disparities and poor awareness) are common obstacles in optimizing care [8, 10] . In a multinational survey involving 75 058 individuals screened for non-communicable diseases in LMICs, >90% of affected individuals were unaware of CKD [9] . Among those who were aware of CKD, fewer than half had intervention for CKD, which would progress silently to ESRD with poor quality of life and increased socio-economic burden [9] . Diagnosis of asymptomatic early-stage CKD, which accounts for 80-90% of all cases, requires measurement of urinary albumin and GFR [2] . Although GFR is generally estimated from serum creatinine and/or cystatin, these renal parameters are often not measured in audit reports [8, 40] . The large inter-individual and day-to-day variability of microalbuminuria also has limited predictive value in identifying patients with prevalent CKD or those who are at risk of developing CKD [41] . With increasing usage of RAS inhibitors and better risk factor control, remission of microalbuminuria has been reported in 20-60% of individuals with diabetes. Of note, individuals with normoalbuminuria and reduced GFR could also have poor clinical outcomes [41] [42] [43] . In this light, diabetic kidney disease is a heterogeneous condition, with normoalbuminuria per se being associated with structural kidney damage where 20-40% of these individuals might continue to progress despite being treated with RAS inhibitors [42] . Various measurements of albuminuria (e.g. ACR, protein:creatinine ratio and urine dipstick) are even harder to standardize, with qualitative measurement using dipstick having the lowest accuracy [44] .
Autonomic dysfunction, such as prolonged QT interval, is a strong prognostic predictor in T2D. One in two to four affected individuals might die within 5-10 years of diagnosis compared with those without [45] . Glucotoxicity-mediated pathological processes, for example, accumulation of advanced glycosylation end-products, increased oxidative stress, activation of protein kinase C and polyol pathways, can cause direct neuronal injury, chronic endoneural ischaemia and nerve hypoxia [32, 45] . Patients with diabetic peripheral neuropathy had small sweat glands with reduced ductal diameter. This was attributable to abnormal thickening of the capillary endothelium causing damage to cutaneous microvasculatures [11] . Autonomic neuropathy involving cardiovascular and sudomotor functions affects 60% of people with CKD [46] . Neurovascular damage shares common risk factors and frequently coexist. Given its confirmed utility in predicting autonomic and sensory neuropathy, the predictive value of the ESC composite score in detecting incident cardiovascular-renal events and all-cause death, via indirect assessment of sudomotor function, is biologically plausible. This proposition is supported by consistent results from our case-control [18] , cross-sectional [15] and prospective analysis, although these results will need to be replicated in other populations. This is the first report indicating the feasibility of using a point-of-care tool to detect individuals with T2D and preserved renal function who were at high risk of developing cardiovascular-renal events and all-cause death after 2 years. In this prospective analysis, we confirmed the preferred use of the Chinese-specific threshold of the ESC composite score ( 53) to detect incident CKD compared with other ethnic-specific thresholds derived from cross-sectional studies such as an ESC composite score <59.5 for mainland Chinese or a mean feet ESC measurement of 37.6-44.4 for African Americans and European Americans [13, 17, 18] . Given the detailed data management of the JADE register, we were able to examine the effects of various cardiometabolic risk factors, comorbidities and medication use on the ESC composite score to confirm its independent utility.
Regarding the limitations, the definition of CKD in our study was based on reduced eGFR derived from serum creatinine. Despite the potential confounding effects of drug treatment and the wide intra-individual variability of albuminuria, our results remained robust after adjustment in our multivariable analyses. The results of incident CVD and all-cause death should be interpreted with caution given the relatively low event rates, short duration of follow-up and wide 95% CIs when stratified by different thresholds of the ESC composite score, eGFR category and albuminuria status. Longitudinal studies are required to validate and evaluate the significance of other subscores. Although sudomotor assessment holds promise in promoting CKD screening and detection in our cohort, urinary albumin and GFR assessments remain the gold standard in the diagnosis and management of CKD.
Given its simple-to-use and non-invasive nature with reliable repeat measurements, SUDOSCAN can be part of opportunistic CKD surveillance programmes in routine primary care services, especially in low-resource settings. In line with the International Society of Nephrology Closing the Gaps CKD Initiative, increasing accessibility to accurate point-of-care testing, for example, SUDOSCAN, can facilitate care prioritization and informed decision making to facilitate early diagnosis and management [44] . However, the optimal thresholds of the ESC composite score will need to be determined in a more diverse population taking ethnicity into consideration. In sum, a low ESC composite score is a useful risk prediction marker for cardiovascular-renal events and all-cause death in the Chinese population with T2D. By distinguishing the high-risk from the low-risk group, use of the ESC composite score may select patients for definitive evaluation and intensive management, although formal cost-effectiveness analysis is needed to quantify these benefits.
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